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ABSTRACT
In the observational method, gaps in the available information are filled by observations. Such observations were invaluable during the
construction of a 54-story building with an 8-story underground parking deck in Charlotte, North Carolina, which required an
excavation nearly 100-feet deep into rock. Cracks appeared in an adjacent brick office building by the time the north side of the
excavation had reached a depth of about 40 feet. Blast-induced settlement was initially suspected. As excavation continued, some soilfilled weathered joints, seams, and fractures in the rock sidewalls were observed, and displacement of the cracks increased.
Inclinometer casings were installed along the street bordering the north sidewall. After increasing deformation, the casings began to
shear at a depth of about 47 feet. A clay-filled seam dipping into the excavation at an angle of 10 to 15 degrees was discovered in the
north sidewall. A row of grouted No. 18 bars was installed in drill holes angled across the clay seam. After analysis of a sliding block
model revealed the need for additional capacity, a row of shear pins was installed in the street behind the north sidewall. No further
movement was observed.

INTRODUCTION
The observational method was originally proposed by Karl
Terzaghi and further developed by Ralph B. Peck (Peck, 1969;
Terzaghi, Peck, and Mesri, 1996) as a method to help reduce
the construction costs incurred by designing earth structures
based on the worst-case conditions (e.g., geological
conditions, soil engineering properties, etc.), and instead,
basing the design on the most-probable conditions.

Many of the twenty buildings in Charlotte, NC with over
twenty stories have required deep excavations into bedrock.
These have typically and successfully utilized a system of
soldier beams and wood lagging to retain the soil with a
combination of rock bolts and shotcrete to retain the jointed
and often fractured rock. The site developer for the Wachovia
Cultural Center Campus provided the requisite soil boring and
rock core information for such a project based on this
experience.

Gaps in the available information are filled by observations:
geotechnical-instrumentation measurements (for example,
inclinometers and piezometers) and geotechnical site
investigation. These observations aid in assessing the behavior
of the structure during construction, which can then be
modified in accordance with the findings. This "learn-as-yougo” method is especially important in geotechnical
engineering due to the variable, and often complex, geological
conditions encountered (Terzaghi, Peck, et al, 1996).

Based on the geotechnical data, the site looked typical. F&W
Construction, the excavation shoring subcontractor, designed a
retention system of soldier beams and wood lagging to retain
the soil with a combination of rock bolts and shotcrete to
retain the rock. F&W Construction also retained a
geotechnical engineer/engineering geologist to monitor the
installation of the excavation retention system.

The observational method is suitable for construction which
has already begun when an unexpected development occurs,
or when a failure or accident threatens or has already occurred.
Such was the case for the Wachovia Cultural Center Campus
project in Charlotte, North Carolina in 2006.

Paper No. 3.40a

When the north sidewall of the excavation began to slide
toward the opening, feedback from the observations of the
geotechnical engineer/engineering geologist and proactive
decisions by F&W Construction and the General Contractor,
Batson Cook, kept the situation under control and the project
within schedule.
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SITE CONDITIONS
The most recent tall building constructed in Charlotte, North
Carolina was part of the new Wachovia Cultural Center,
which covers about 1-½ city blocks near downtown. When
Wells Fargo bought Wachovia Bank, it became the Wells
Fargo Cultural Campus and has subsequently been further
renamed the Levine Center for the Arts.
The main portion of the campus covers an entire city block
bounded on the north by First Street, on the west by Church
Street, on the south by Stonewall Street, and on the east by
Tryon Street. This block is occupied by two buildings, the
largest of which is a 1.5 million square foot, 54-story tower
housing the Duke Energy Center. It is the second tallest
building in Charlotte at a height of 786 feet. The two
buildings are shown in Fig. 1. The “handle” across the top of
the Duke Energy Center is similar to that of the Shanghai
World Financial Center.

Fig. 1: Duke Energy Center (left center)
The two buildings share an 8-story underground parking deck
that required an excavation of up to 100 feet into bedrock. The
underground parking deck connects via a tunnel (excavated in
a cut) to College Street, one block southeast of the block
containing the excavation (toward the viewer in Fig. 1).
Once the existing site structures were demolished, the
excavation began on February 28, 2006 and lasted 10 months.
The soil overburden depth varied from about 10 to 30 feet
across the site. Over 450,000 cubic yards of material was
excavated including some 400,000 cubic yards of rock.
Groundwater was kept below the excavation by a series of
dewatering wells located around the perimeter. A retention
system of soldier beams and wood lagging was designed to
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retain the soil. A retention system of rock bolts incorporated
with shotcrete was designed to retain the fractured rock. This
strategy has been used successfully on many deep excavations
in the Charlotte area.

GEOLOGY
The site is in the Charlotte Belt which is located in the
Piedmont physiographic province of North Carolina. The
bedrock at the site was overlain by a mantle of partiallyweathered rock of variable thickness, typical of the Piedmont.
The rock at the site was indicated by the geologic map to
generally be variably metamorphosed granodiorite, as shown
in Fig. 2.
The rocks of the Charlotte Belt are frequently dissected by
dikes and sills. Dikes are often diabase along the eastern side
of the Charlotte Belt due to Triassic rifting, but typically can
also be granite, diorite, or gabbro. Due to the age of the rock
and the depth of its emplacement, it is fairly well jointed from
unloading, and variably weathered along joints. Diabase dikes
of Triassic and Jurassic age, generally with northnorthwesterly trends, occur throughout the Charlotte area.

Fig. 2: Site Geology: Devonian-Ordovician Granodiorite
EXCAVATION
The General Contractor (GC), Batson Cook, established their
site office in a one-story brick building across First Street,
which is adjacent to the north sidewall of the excavation as
shown in Fig. 3 and (off-camera) to the viewer’s right in Fig.
4.
F&W Construction designed and built the shoring system.
They used an H-pile and lagging shoring system to restrain the
soil cover and rock bolts on 8-ft centers incorporating mesh
and shotcrete to support the rock face. A pair of #18 rebar rods
was installed in full-depth drilled holes at each H-pile prior to
excavation. As the excavation progressed below the tips of the
H-piles, the #18 rebar rods were attached to the rock face with
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rock bolts to restrain them. Figures 5 and 6 show the jointed
granodiorite exposed below the soldier piles with the #18 bar
supports.

Fig. 3: Schematic of excavation circa Oct. 2006
Rock was excavated after drilling and weekly confined
blasting. The in-place shot rock was removed by excavator
loaders and breaker hammers.
The excavation progressed more rapidly along the south
(Stonewall Street) and east (Tryon Street) sides due to the
need to excavate the tunnel on the SE side of the excavation.
A truck ramp was maintained off of the First Street (north)
side with site egress in the center (Fig. 4), but was moved to
the west side of the excavation (along Church Street) in early
October, 2006 as bench excavation was begun along the north
sidewall to the east of the truck ramp.

of the excavation. Initially, the cracks were assumed to be due
to excavation dewatering. These cracks continued to grow to
be about roughly one-inch wide. By November, cracks had
appeared as well in the front brick facade.

Fig. 4: The excavation from First Street looking west toward
the intersection of Church St and Stonewall St.

The facade cracks worsened after each blast. Figure 8 shows
the rock berm along the north sidewall on 26 November 2006
covering the yet undiscovered plane of sliding. In early
December, the rock within the rock bench had been blasted
but not yet excavated. Figure 9 shows drilling and blasting in
front of the GC’s field office on 14 December 2006; the lintel
on the right side of the building shows separation damage.
Lateral displacements on the north sidewall had increased to
0.3 feet. At that time, movements were assumed to be due to
blast-induced settlement under the footings.

By the end of October, the excavation along the north sidewall
had been extended below the 10 to 30 foot-deep overburden,
and into the rock at a total depth of 40 to 45 feet, while the
south and central portions of the excavation were at a depth of
50 to 65 feet. Figure 7 shows the variability of the jointing and
fracturing typical of the excavation faces.

UNEXPECTED MOVEMENT
During October, after the 10 to 30 feet of soil overburden
along the First Street (north) side had been removed,
excavation continued into the rock, to a total depth of 40 to 45
feet. Lateral displacements measured at the top of the north
sidewall soldier piles increased to 0.1 feet by the end of
October.
Cracks appeared across the floor slab of the GC’s field office
building located to the north of First Street, on the north side
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Fig. 5: North sidewall of excavation, jointed rock beneath
soldier beams and lagging supporting soil
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Hand auger borings discovered fairly soft soil adjacent to the
footing. The GC had the shoring contractor drive a couple of
short piles at the corner to shore it up. However, the front of
the building continued to suffer distress with subsequent
blasts.

fractured rock and clay had been uncovered in the granitic
rock near the bottom of the north sidewall (Figs. 10 and 11).

A row of three inclinometers was installed to a depth of 120
feet along First Street about 20 feet behind the face of the
north sidewall during the first week of January, 2007. The
approximate locations are shown in Fig. 15. These were read
daily after each blast beginning January 9, 2007. The final
inclinometer readings were made on January 19, 2007 due to
deformation and shearing of the casings at a depth of about 45
to 47 feet. The excavation of the shot rock on the north bench
continued to a depth of 55 to 60 feet.

Fig 8: The excavation along First Street showing the blasted
rock bench left in place (26-Nov-2006)

Fig 6: North Sidewall at base of soldier piles; contact between
partially weathered rock and rock.

Fig 9: The excavation along First Street (14-Dec-2006)
Lateral displacements of the excavation sidewall had increased
to 0.4 feet and the cracks in the building floor slab more than
100 feet to the north of the sidewall (parallel to the
excavation) were opening further.
It was concluded that the rock mass behind the north sidewall
was sliding on the shallowly-inclined seam, which was likely
to be a shear zone containing continuous clay layers of low
residual frictional strength that dipped toward the south.

Fig. 7: Variability of rock along north sidewall (09 Oct 06)
On January 16, 2007, S. Davis noted, in a phone conversation
with E. Cording, that a shallowly-inclining seam containing
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Friction angles for the clay on such surfaces would be
expected to be in the range of 10 to 15 degrees such that
sliding would take place if the shear zone were dipping more
than approximately 10 or 15 degrees into the excavation.

4

The normal pattern of rock dowels on the face were only
intended to hold the jointed rock, and were not long enough to
reach across the seam and therefore could not stabilize the
rock above the seam. It was agreed that additional support
should be immediately placed to stabilize the rock mass and
stop the movements. It was concluded that # 18 bars should
be placed at 8-foot centers along the north excavation sidewall
in holes drilled at an angle of 30 degrees down from the
horizontal with sufficient length to pass through the seam and
anchor into competent rock.

Fig. 10: The Excavation along First Street showing the
blasted rock bench removed, exposing sliding seam
(red dashed line).

During a site visit on January 24, 2007, the seam had been
exposed and was observed to be a shear zone 4 to 6 inches
thick located along the top of a flat-lying sill; the shear zone
consisted of fractured rock with clay seams.
The shear zone exposed along the north sidewall dips
approximately 10 degrees south (into the excavation) and dips
along the sidewall, to the east at an angle of 5 degrees. Inside
the excavation, the shear zone was exposed in the rock in the
side of the ramp at a dip of 15 degrees to the south (Fig. 10).

Fig. 11: Sloping seam along north face exposed (17-Jan-07)

Fig. 13: Close-up of sloping clay-filled seam in north sidewall
in front of field office building (17-Jan-07)
At these orientations, it would extend over 100 feet to the
north of the excavation sidewall and would have served as the
sliding surface for the lateral displacement of the overlying
rock mass into the excavation.
Later, upon completion of excavation, the shear zone was
confirmed to be continuous and near planar. It could be traced
across the entire east-west width of the excavation, and also to
its intersection with the bottom of the excavation to the south.

Fig. 12: Clayey contact on metadiorite sill - note anchor bolts
in shotcrete (17-Jan-07)

On Jan 24, the F&W crew had been drilling holes and placing
and grouting No. 18 bars across the clay seam along the north
sidewall, working from the west to the east along the bench
and were placing mesh and preparing to shotcrete the surface.
In addition to the No. 18 bars, in order to more rapidly provide
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additional capacity to stabilize the slide, F & W proposed
drilling and installing a row of vertical pipes along First Street
behind the north excavation sidewall to act in shear across the
seam.
In the following two weeks, steel pipe, 6 5/8 in. O.D with ¾
in. thick was placed in vertical holes in two staggered rows on
8-foot spacing for each row, approximately 10 to 15 ft behind
the north sidewall. Figure 14 shows an illustrative crosssection of the sill and the reinforcement.
It was estimated that the lateral forces generated by the sliding
rock mass could be in the range of 45 to 90 k/lin. ft of
sidewall.
To minimize bending, the pipes were fully grouted on both the
outside and inside of the pipes. Shear capacity at yield for the
grade 50 pipe was 300 k. The total capacity along the north
sidewall was 140k/8 ft for the bars and 300k/4 ft for the pipe,
providing a total capacity at yield of 92 k/ft.

Fig. 15: Plan view showing approximate dowel and shear pin
locations
As confined blasting continued during the summer in the
excavation, further crack development along Church Street
required additional support to stabilize the sidewall.
Gas pressures from the confined blasting, which are a function
of the total charge rather than the charge per delay, were
considered to have had an effect on the movements along the
shallowly-inclined seam.

CONCLUSIONS

Fig. 14: Cross-section view showing approximate dowel and
shear pin locations

By February, 2007, the north sidewall was stabilized and there
were no more significant lateral displacements. Figure 15
illustrates approximate dowel and shear pin locations.
Later, during removal of the ramp along the west face (along
Church Street) in May 2007, additional support was placed
across the shear zone where it intersected the west sidewall.
Despite the additional reinforcement and the relatively flat dip
(<5 degrees) of the seam to the east, additional cracking
developed immediately west of the west sidewall and in
Church Street and the existing cracks widened.

A seemingly ordinary deep excavation into rock resulted in
unexpected blast-induced movements. The problem was first
noticed in the form of cracks in the floor slab of the GC’s field
office building, followed by damage to the façade. Possible
causes such as construction dewatering and blast-induced
settlement were ruled out when post-blast surveys discovered
that the north sidewall was moving in front of the field office
building.
Field observations during excavation and preparation of the
shotcrete panels discovered horizontal seams on the opposite
(deeper) side of the excavation a block away, raising the
possibility that such seams existed beneath the office building
and along the partially excavated north sidewall.
Blasting was stopped while remedial rock bolts were installed
along the sidewall face. After analysis of a sliding block
model revealed the need for additional capacity, a series of
shear pins were installed behind the sidewall face from the
overlying street.
Due to observations gathered early during the installation of
the excavation support system, the GC and excavation support
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contractor were able to make timely and accurate adjustments
to its design that prevented potentially excessive cost overruns and schedule delays.
This unexpected movement reminds one of the old adage
“always expect the unexpected,” and demonstrates the value
of having enough information about subsurface geological
conditions.
We have observed a number of cases where sliding has taken
place along sheared clay surfaces on continuous, planar
bedding surfaces in shales and sandstones dipping at angles of
approximately 10 degrees (Cording, E. J, 1976).
However, in our experience, sliding at such flat angles in
metamorphic rock is not common, but was observed at a dam
site in Brazil where a sheared clay surface was present on a
dike in metamorphic rock that provided the continuity and
planarity to allow sliding to take place on the surface that
dipped at approximately 10 degrees.
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